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•I- 

METHOD AND APPARATUS FOR MONITORING A PATIENT 

Field of the Invention 

The present invention relates to a remotely accessible health care system for medical applications. More 
particularly, the present invention relates to a system associated with a patient medical device which permits a 
healthcare provider located remote from the patient that permits the provider to monitor the patient's current medical 
condition status and with the capability of editing the patient's protocol, documents changes to the patient's protocol 
and notifies the care provider of alarm conditions. 

Background of the Invention 

Due to rising health costs, the high costs of hospital rooms, the desire to provide comfort and convenience 
to patients, the medical industry has promoted in-home care for patients suffering from various maladies. Many 
patients must be connected to various medical devices. These medical devices frequently monitor certain parameters 
of the patient's health and have controls which must be adjusted due to changes in the patient's needs. Therapy 
changes may also require that entire protocols be programmed. In early versions of these medical devices, the 
physical presence of a care provider was required to adjust the device's protocol. Such reprogramming is costly and 
time-consuming. 

In addition, healthcare providers such as hospitals, and health insurance agencies paying for healthcare now 
often require documentation supporting all medical procedures. For example, a health insurance agency may require 
that a patient prove that specific parameters which measure their health are at a certain level in order for the patient, 
to be reimbursed or the agency may require evidence that the equipment is actually being used as intended. Also, 
patients or their care givers at home often fail to inform the care provider that an alarm associated with a medical 
device has occurred and, in certain cases patients may tamper with a device in response to an alarm condition. 

Therefore, a need exists for a remotely controllable medical device system that can inform care providers 
of a patient's status by notifying of alarm conditions and sending status reports to a remote fax or computer of the 
care provider or other health personnel. 

Summary of the Invention 

The present invention is directed to a remotely programmable medical device system and a method for 
remotely programming a medical device system via a remote transceiver that accomplishes the above-stated 
objectives. 

The system of the present invention permits a care provider to obtain, from a remotely located medical 
device associated with a patient, the patient's status, to change the patient's protocol, or to request documentation 
by a remote transceiver with a touch-tone keypad after receiving voice-synthesized instructions. This method is 
simple to use and requires no training; it allows a care provider to perform the above functions wherever a phone 
is located. If the care provider has access to a computer, he has the option of performing the same functions as 
with the telephone, described above, but may also view the patient's real time status on the computer screen as 
it changes by either graphic or tabular form or send a file with the desired parameters to the system to program 
the medical device. 
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The care provider computer may also instruct the system to automatically send a status report at set time 
intervals to a specified location and automatically call the care provider to notify of an alarm condition. Additionally, 
the system may remotely program multiple medical devices connected to one or more patients or remotely program 
the protocol of multiple patients in a single programming session by accessing a central data storage location. 
5 To achieve these and other advantages, and in accordance with the purpose of the invention as embodied 

and broadly described therein, the present invention defines a remotely programmable and accessible medical device 
system having a programmable protocol, the medical device system being remotely programmable by a remote 
transceiver, such as a touch-tone phone or computer. Alternatively, the medical device may not have a programmable 
protocol. For instance, the device may monitor a patient's vital signs only. The remotely programmable medical 

1 0 device system of the present invention comprises a memory for storing a programmable protocol or record of activity 
and a remote communication port for sending a voice signal to the remote transceiver, sending data to a remote fax 
or computer, and receiving a remote programming signal from the remote transceiver. The system also comprises 
a voice storage unit for storing a voice signal and a processor, coupled to: (1) the remote communication port, for 
processing the programmable protocol in response to receiving the remote programming signal; (2) the voice storage 

15 unit for accessing the voice signal from the voice storage unit; and (3) the memory for accessing the programmable 
protocol from the memory. 

In an additional aspect, the present invention comprises a medical device system having a programmable 
alarm routine stored in a memory. The medical device system comprises a medical device which has a data port 
and an interface unit coupled to or integral with the medical device data port on the medical device via an interface 

20 data port. The interface unit further comprises a voice storage unit for storing a voice signal stating that an alarm 
condition has occurred and remote communication port for automatically sending the voice signal to the remote touch- 
tone transceiver or automatically sending data regarding the alarm condition to a remote fax or computer. The 
interface unit also comprises 8 processor coupled to: (1) the remote communication port, for processing the alarm 
condition in response to receiving the medical device alarm signals; (2) the voice storage unit for accessing the voice 

25 signal from the voice storage unit; and (3) the memory for accessing the alarm routine from the memory. A signal 
from the alarm on the medical device is relayed to the interface data port via the medical device data port. 

In another aspect, the present invention comprises a remotely programmable medical device system having 
a programmable protocol stored in a protocol memory, the system being programmable by a remote transceiver. The 
medical device system comprises an interface unit and at least one medical device, each medical device having a data 

30 port and an interface unit coupled to or integral with each data port on the respective medical device via an interface 
data port. The interface unit further comprises a voice storage unit for storing a voice signal and a remote 
communication port for sending a voice signal to the remote touch-tone transceiver, sending data to a remote fax 
or computer, and for receiving a remote programming signal (such as a dual-tone multi-frequency signal in the case 
of a remote telephone) from the remote transceiver. The interface unit also comprises a processor, coupled to: (1) 

35 the remote communication port, for processing the programmable protocol in response to receiving the remote 
programming signal; (2) the voice storage unit for accessing the voice signal from the voice storage unit; and (3) the 
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memory for accessing the programmable protocol from the memory. The processed programmable protocol is relayed 
from the processor to the medical device via the interface data port. 

In another aspect, the present invention comprises a remotely programmable medical device system having 
programmable protocols for multiple patients stored in a central memory location, the system being programmable 
5 by a remote transceiver. The system comprises a remote central data storage unit, multiple medical devices 
connectable with multiple patients, an interface unit for each patient, and each medical device having a data port 
coupled to a data port on its respective interface unit. Each interface unit comprises a voice storage unit for storing 
a voice signal and a remote communication port for sending a digital signal to the remote central data storage 
location, sending data to a remote fax or computer, and for sending and receiving a remote programming signal (such 
10 as a digital signal in the case of a computer) from the remote touch-tone transceiver. Each interface unit also 
comprises a processor, coupled to: (1) its remote communication port, for processing the programmable protocol in 
response to receiving the remote programming signal; (2) its voice storage unit for accessing the voice signal from 
its voice storage unit; and (3) its memory for accessing the programmable protocol from its memory. The processed 
programmable protocol is relayed from the processor to the medical device via the interface data port. The remote 
15 central data storage unit comprises: a voice storage unit for storing a voice signal; a first communication port for 
sending the voice signal to the remote touch-tone transceiver, sending data to a remote fax or computer, and for 
receiving a remote programming signal from the remote touch-tone transceiver; and a second communication port for 
sending and receiving signals from the data ports of the medical devices. The remote central data storage unit 
further comprises a processor, coupled to: (1) the first remote communication port, for processing the programmable 
20 protocol in response to receiving the remote programming signal; (2) the second remote communication port, for 
processing the programmable protocol to be sent to the interface unit of a patient; (3) the voice storage unit for 
accessing the voice signal from the voice storage unit; and (4) the memory for accessing the programmable protocol 
from the memory. The processed programmable protocol is relayed from the processor of the remote central data 
storage unit to the processor of an interface unit via the second remote communication port. 
25 Further objects, features, and advantages of the present invention over the prior art will become apparent 

from the detailed description of the drawings which follows, when considered with the attached figures. 

Brief Description of the Drawings 
FIGURE 1 schematically illustrates the medical system of the present invention by which a care provider 
may remotely access and control a medical device associated with a patient; 
30 FIGURE 2 schematically illustrates an interface arrangement of the system illustrated in Figure 1; 

FIGURE 3 is a flow diagram illustrating a general control methodology of the interface; 
FIGURE 4 is a flow diagram illustrating a computer programming mode of the system; 
FIGURE 5 is a flow diagram illustrating an access code menu of the system; 
FIGURE 6 is a flow diagram illustrating an alarm control menu of the system; 
35 FIGURE 7 illustrates the relationship of the diagrams in Figures 7A1, 7A2, and 7A3; 
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FIGURES 7A1-7A3 are flow diagrams illustrating a portion of a main menu of the system illustrated in 
Figure 3 as adapted to use with a mechanical ventilator; 

FIGURE 7B is a flow diagram illustrating a fax report menu of the system as adapted to use with a 
mechanical ventilator; 

FIGURE 7C is a flow diagram illustrating a send file menu of the system as adapted to use with a 
mechanical ventilator; 

FIGURE 7D is a flow diagram illustrating an edit protocol sub-menu of the system as adapted to use with 
a mechanical ventilator; 

FIGURE 8A is a flow diagram illustrating a portion of a main menu of the system illustrated in Figure 3 
as adapted to use with a vital signs monitor; 

FIGURE 8B is a flow diagram illustrating a fax report menu of the system as adapted to use with a vital 
signs monitor; and 

FIGURE 8C is a flow diagram illustrating a send file menu of the system as adapted to use with a vital 
signs monitor. 

Detailed Description of the Preferred Embodiment 

Reference will now be made in detail to the present preferred embodiment of the invention, examples of 
which are illustrated in the accompanying drawings. Wherever possible, the same reference numbers will be used 
throughout the drawings to refer to the same or like parts. 

In accordance with the present invention, a remotely programmable medical device system is provided that 
allows remote programming and communication with a medical device from a remotely located transceiver, such as 
a push button telephone or computer. The system includes a memory, a voice storage unit, a remote communication 
port, and a processor that is coupled to the remote communication port, the voice storage, and the memory. It 
should be understood herein that the terms "programming," "programmable," and "processing" are generalized terms 
that refer to a host of operations, functions,- and data manipulation. Those terms, therefore, are not limited herein 
to editing and deleting data, parameters, protocol, and codes. For example, programming and processing, as used 
herein, may encompass editing, changing, erasing, entering, re-entering, viewing, reviewing, locking, and inserting 
functions. 

An exemplary embodiment of the system of the present invention is shown in FIG. 1 and is designated 
generally by reference numeral 10. As herein embodied and shown in FIG. 1, the remotely programmable medical 
device system 10 includes a medical device 12 and an interface unit 14. The medical device preferably includes a 
patient connection 16, such as a wire through which patient data is transmitted, such as from a sensor. 

The interface 14 includes a cable 20 for connecting the interface 14 to the medical device 12, controls 
22 for controlling operation of the interface 14, display lights 24 for indicating various conditions of the interface 
14, and an internal audio device 26 for providing audio alarm signals. As embodied herein, the controls 22 include 
a Bnk button 28, a local button 30, and a send button 32. Alternatively, the local button 30 may not be present 
as will be easily understood by those of skill in the art. The display lights 24 include a wait light 34, a 
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phone/computer light 36, and an alarm light 38. The function of the controls 22 and the display lights 24 will be 
described in detail below. The interface 14 also preferably includes a remote communication port 40 and a local 
communication port 42. 

In the alternative to being coupled via wiring 20, the interface 14 and medical device 12 may communicate 
via an interface data port 44 and a medical device data port 46 each comprising a wireless emitter/detector pair. 
Preferably, data ports 44, 46 each comprise an infra-red or RF emitter/detector, permitting wireless communication 
between the medical device 12 and the interface 14. Other wireless communications ports may also be used. A 
power cable 20 is preferably employed to provide power to the medical device 12 via the interface 14. Alternatively, 
the medical device may have its own power cable coupled directly to the power source (not shown), as opposed to 
being connected through the interface 14. 

As embodied herein, the remote communication port 42 and the local communication port 40 (if present) 
each comprise a standard modem, as is well known in the art. The modem may operate at 28800 baud or other 
baud rates. The system may be arranged so that a care provider located close to the patient, such as at a patient 
station in a hospital when the patient is in the hospital, can access the interface 14 through the local port 40, such 
as through a hard wire link. On the other hand, if the care provider is at a location remote from the medical device 
system 10, the system is preferably arranged so that when the link button 28 is pressed, the remote communication 
port 42 is activated. In this way, the care provider can communicate with the interface 14 via a remote transceiver 
such as a telephone 48 or a computer 50. It should be understood that the interface 14 may be provided with but 
a single port through which signals are input and output, instead of having separate local and remote ports. 

For convenience, this description refers to a care provider's use of a telephone or personal computer to 
access the medical device 12 remotely, but it should be understood that any transceiver capable of activation or 
selection of programming parameters both independently of and in response to various prompts and queries. It should 
also be understood that the term "remote touch-tone transceiver* 1 is not limited to conventional push-button 
telephones having a 12 key keypad, with 0-9, \ and S keys. Rather, as defined herein, the term "touch-tone 
transceiver" refers to any transceiver capable of generating signals via a keyboard or other data entry system and 
thus is not limited to transceivers that generate DTMF signals, such as conventional telephones. Examples of other 
types of "touch-tone transceivers" as defined herein include computers having a keyboard and/or cursor-controlling 
device, conventional push-button telephones, transmitters that convert human voice to pulse or digital or analog 
signals, and pager transceivers. 

With reference to FIG. 2, the elements included in the interface 14 will be described in more detail. As 
stated above, the interface 14 comprises the remote communication port 42, the local communication port 40, a 
protocol and event memory 52, a voice storage unit 54, a processor 56, a voice synthesizer 58, and an access code 
memory 60. Alternatively, the protocol and event memory 52 and the processor 56 may be an integral unit. The 
protocol memory 52, the voice storage unit 54, and the access code memory 60 may all be contained in the same 
memory device {such as a random access memory), or in separate memory units. Preferably, the voice storage unit 
54 comprises a read-only memory (ROM). The interface 14 also includes the data port 43 for relaying information 
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between the interface 14 and the medical device 12 (such as through wire 20 or by the emitter/detector 44). The 
voice synthesizer 58 is preferably an integrated circuit that converts digitized voice signals to a signal that emulates 
the sound of a human voice. As embodied herein, the voice synthesizer 58 needs only be used to convert the signals 
outgoing from the interface 14 to the remote telephone 48 and thus is not required for converting incoming signals 
5 from the remote telephone 48 or from the remote computer 50 or outgoing signals to a remote computer 50. The 
voice synthesizer may comprise a commercially available speech synthesis chip. 

The remote communication port 42, the local communication port 40, and the interface data port 44 are 
all coupled to the processor via data buses 62a, 64a, and 66a, respectively. The communication ports 40, 42 
receive signals from the transceiver 48, 50 and relay those signals over the buses 62a, 64a, respectively to the 

10 processor 56 which in turn processes those signals, performing various operations in response to those signals. If 
the care provider chooses the remote communications mode from the telephone 48, the processor 56 receives 
digitized voice signals from the voice storage unit 54 via bus 70a and sends those digitized voice signals to the voice 
synthesizer 58 via bus 70b, where the signals are converted to human voice emulating signals. Those human voice 
signals are sent from the voice synthesizer 58 via buses 62b, 64b, 66b to buses 62a, 64a, 66b, which in turn relay 

15 those signals to the remote communication port 42, the local communication port 40, and the interface data port 
44, respectively. 

For example, if it is necessary provide instructions to the care provider operating the remote telephone 48. 
The processor 56 sends a voice address signal over a data bus 70a coupling the processor 56 to the voice storage 
unit 54. The voice address signal corresponds to a location in the voice storage unit 54 containing a particular voice 

20 signal that is to be sent to the remote transceiver 48. Upon receiving the voice address signal, the particular voice 
signal is accessed from the voice storage unit 54 and sent, via the data bus 70a, to the processor 56. The 
processor 56 then relays the voice signal via the data bus 70b to the voice synthesizer 58, which converts the voice 
signal and sends the converted signal via data buses 62b and 62a to the remote communication port 42, which sends 
the converted signal to the remote transceiver 48. 

25 The voice signal retrieved from the voice storage unit 54 may be a digitized representation of a person's 

voice or a computer generated voice signal (both being well known in the art). The digitized voice signal is converted 
by the voice synthesizer 58 to a signal that emulates the sound of a human voice. The voice signal instructs the 
care provider on how to respond to the voice signal and what type of information the care provider should send. 
As the remote transceiver may be a push-button telephone having a keypad with multiple keys, the care provider then 

30 presses the appropriate key or keys, thereby sending a DTMF signal back to the remote communication port 42 of 
the interface 14. It should be understood, however, that the remote transceiver need not be a push-button telephone, 
but rather any transceiver capable of sending and receiving DTMF or other similar signals. For example, the remote 
transceiver may be a computer or portable remote controller. 

If the DTMF signal sent by the care provider is a remote programming signal which is transmitted from the 

35 remote telephone 48 to the remote communication port 42 of the interface 14, the remote communication port 42 
then relays the remote programming signal via the data bus 62a to the processor 56. In response to receiving the 
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remote programming signal, the processor 56 accesses a particular parameter of the programming protocol from the 
protocol memory 52. To access the parameter, the processor 56 transmits a protocol address signal over the data 
bus 68 that couples the processor 56 and the protocol memory 52. The protocol address signal corresponds to a 
location in the protocol memory 52 containing the parameter. The parameter is then sent from the protocol memory 
5 52 to the processor 56 over the data bus 68. Depending on the nature of the remote programming signal the 
processor 56 can then perform one of a number of operations on the parameter, including editing, erasing, or sending 
the parameter back to the remote transceiver 48, 50 for review. Those skilled in the art will recognize that many 
types of signals or commands can be sent from the remote transceiver 48, 050 to the interface 14 for processing. 
Examples of such signals, how they are processed, and their effect will be described in detail below in conjunction 

10 with the description of the operation of the present invention. 

In accordance with the present invention, the medical device system 10 can incorporate various security 
measures to protect against unwanted access to the interface 14 and the associated medical device 12. 
Significantly, a user access code can be used to block access except by persons with the user access code, which 
may be a multi-digit number (preferable a four digit number.) The medical device system 10 can be equipped with 

15 one or multiple user access codes, which are stored in the access code memory. To initiate communication with 
the medical device system 10, a care provider is connected to the medical device system 10 via the remote touch- 
tone transceiver 48, 50. This connection may be initiated by a call from the care provider to the medical device 
system 10 (or a patient talking on a telephone located near the medical device system 10), or by a call from the 
patient to the care provider, Either way the care provider is connected to the medical device system 10. After the 

20 connection is made between the care provider and the medical device system 10, the interface 14 is preferably 
arranged to require care provider to enter a user access code. If the care provider enters a valid user access code 
(as explained above, there may be several valid codes), the care provider is permitted to access and/or program the 
programmable protocoL 

During a programming session, in certain circumstances (which will be described below), the user access 
25 codes can be reviewed, edited, and/or erased entirely and re-entered. To perform any of these functions, a 
programming signal is sent by the care provider from the remote transceiver 48, 50 to the interface 14. That 
programming signal is relayed through the remote communication port 42 to the processor 56, which processes the 
signal and generates an access code address signal. The access code address signal, which corresponds to a 
memory location in access code memory 60 holding a user access code, is sent over a data bus 72 to the access 
30 code memory 60. The particular user access code is then retrieved and sent back of the data bus 72 to the 
processor 56, which processes the user access code in some manner. 

To communicate with the medical device system 10, the interface is equipped with the interface data port 
43. The medical device protocol can be sent from the interface 14 to the medical device 12 via the interface data 
port 43 and the medical device data port 46. Thus, for example, the processor 56 accesses the protocol from the 
35 protocol memory 52 and sends the protocol via data bus 66a to the interface data port 43. The interface data port 
43 then sends the information to the medical device data port (such as through the wire 20 or the wireless 
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emitter/transceiver 46), where it is processed by circuitry and/or software in the medical device 12. In this way, 
the medical device protocol can be programmed (e.g., edited, redone, reviewed, locked, re-entered, etc.). 

The send button 32 is designed to permit sending of the medical device data or protocol to a remote 
location, such as a computer 74 or fax machine 76. In this way, a remote record is maintained, such as at a 
computer. If the computer 74 is remote from the medical device system 10, a person located at the interface 14 
may press the send button 32, which in turn downloads the existing protocol or data to the remote communication 
port 42. The protocol is then transmitted via the remote communication port 42 to the remote computer 74. 

The link button 28 is preferably used to initiate or enter into the remote programming mode of the medical 
device system 10. When initiating a programming session, the care provider calls the telephone number corresponding 
to the medical device system 10 (or the patient's home phone). The patient 18 may answer the call with his or her 
telephone, and the care provider and patient can communicate by standard voice signals. This is known herein as 
a phone mode or patient conversation mode. The care provider then instructs the patient to depress the link button 
28, which disconnects the patient 18 from the telephone line and initiates the programming mode described below 
with reference to FIGS. 3-8. If, however, the patient 18 does not answer the care provider's call, the interface 14 
may be equipped with an internal switching system that directly connects the care provider with the interface 14 
and initiates the programming mode. The internal switching may be accomplished with hardware in the interface 
14 or with software that controls the processor 56, or with a hardware-software combination. Either way, the care 
provider may then begin processing the information and protocol stored in the interface 14. (As described above, 
the call may be initiated by the patient 18 to the care provider.) 

The functions of the display lights 24 will now be described. Preferably, the display lights 24 comprise 
LED's. The wait light 34 indicates when the interface 14 is involved in a programming session or when it is 
downloading the protocol to a remote location, such as the remote computer 74. Accordingly, the wait light 34 tells 
the patient 18 not to disturb the interface 14 until the wait light 34 goes off, indicating that internal processing 
elements of the interface 14 are inactive. The phone light 36 indicates when the care provider and the patient 18 
are involved in communication via the remote transceiver 48 or 50 and thus when the internal processing elements 
of the interface 14 are inactive. The phone light 36 may also indicate when the medical device system 10 is ready. 

The alarm light indicates various alarm conditions and functions of the medical device system 1 0. The 
medical device 12 sends an alarm signal via the medical device data port to the interface data port 43. The signal 
is relayed via data bus 66a to the processor 56. Next, the processor 56 sends a voice address signal over data 
bus 70a coupling the processor 56 to the voice storage unit 54. The voice address signal corresponds to a location 
in the voice storage unit 54 containing a voice signal pertaining to the alarm condition that is to be sent to a remote 
location (such as 48, 50, 74, or 76). Upon receiving the alarm address signal, the alarm signal is accessed from 
the voice storage unit 54 and sent via the data bus 70a to the processor. The processor 56 then relays the voice 
signal via the data bus 70b to the voice synthesizer 58 which converts the voice signal and sends the converted 
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signal via data buses 62a, 62b to the remote communication port 42 which sends the converted signal to the remote 
transceiver. 

Remote Access of a Medical Device with the 
System of the Present Invention 

Referring to FIG. 3, the programming mode or sequence of the present invention will be described in detail. 
A care provider may access and process the protocol of the interface from either the remote telephone 48, remote 
computer 50 or other transceiver, as described above. The programming mode by remote telephone 48 will first be 
described. The care provider dials the telephone number corresponding to the medical device (Step 1). A synthesized 
voice message will ask the care provider whether the care provider wishes to first converse with the patient prior 
to the remote programming session {Step 2). If the care provider chooses "yes," the care provider and patient 
communicate by standard voice signals (Step 3). More specifically, the patient would pick up local phone 48A which 
is in communication with the local port 40 and speak with the care provider who is on the remote phone 48 in 
communication with the remote port 42. (See Figure 1 .) After the conversation is completed, the care provider asks 
the patient to depress the link button on the interface (Step 4), which connects the care provider with the interface 
(Step 5), terminates the phone mode, and initiates a remote touch-tone programming session. If the care provider 
chooses not to talk to the patient before the remote programming session (Step 6), the care provider may choose 
"no" (Step 6), and is directly connected to the interface 14, thereby directly initiating a remote touch-tone 
programming session by going to the access code menu (FIG. 5) without entering into conversation mode. 

Alternatively, the care provider may access and process the protocol of the interface from a remote 
computer 50. The care provider may directly initiate programming mode by having the modem of the remote 
computer 50 dial the number of the medical device system 10. In the event that the device 10 is only monitoring 
a patients vital signs, the care provider can retrieve the vital signs as will be understood by one of skill in the art. 
Initially, a message will appear on the care provider's computer screen querying the care provider whether the care 
provider wishes to view a menu with additional options before going to the main menu. As shown in FIG. 4, such 
options include, but are not limited to: sending the status of the patient's condition to the care provider's computer 
(Step 8); loading a new protocol from a file on the provider's computer (Step 9); activating real time monitor mode 
so that the provider may view the patient's current condition as it changes (Step 10); receiving the PM history of 
the device (Step 11); and activating the diagnostics mode (Step 12). If the care provider chooses not to go to the 
special options menu (Step 7), he may go directly to a remote programming session by going to the access code 
menu (FIG. 5). 

Access Code 

If the user enters a correct access code (Step 13), the user is preferably allowed to perform certain 
functions relating to the access code. For example, and referring to FIG. 5, if the care provider has entered a master 
access code, the interface 14 generates a number of voice queries (for a telephone link; a signal representing 
alphanumeric text of the same message may be transmitted when a computer 50 is being used), that are transmitted 
to the care provider and provide the care provider with a number of options. First, in Step 14, the care provider 
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is asked whether a new master access code is to be entered and is instructed to press a certain button on the touch 
tone keypad (in this case the number "1") to select this option. If the care provider selects this option, the interface 
14 tells the care provider to enter the existing master access code (Step 15) and to enter a new master access code 
(Step 16). The newly entered master access code is then read back to the care provider by the interface 14 (Step 
5 17), and the interface 14 generates a voice command that tells the care provider to press the key on the keypad 
to accept this new master access code). If the care provider presses the n #" key, the interface 14 returns (Step 
18) the care provider to the access code menu. Those skilled in the are will recognize that the keys to be pressed 
by the care provider are only exemplary and that other keys could be designated to accept and/or select various 
options and programming entries. 

10 Second, in Step 19, the care provider is asked whether a new user access code is to be entered and is 

instructed to press a certain button on the touch tone keypad (in this case the number "2") to select this option. 
If the care provider selects this option, the interface 14 tells the care provider to enter a new user access code (Step 
20). If the entered new user access code already exists, the program loops around and asks the care provider to 
enter a new master access code again (not shown). If the newly entered user access code does not already exist, 

15 the new user access code is then read back to the care provider by the interface 14 (Step 21), and the interface 
14 generates a voice command that tells the care provider to press the "# w key on the keypad to accept this new 
user access code, ff the care provider presses the key, the interface 14 returns (Step 22) the care provider to 
the access code menu. 

Third, in Step 23, the care provider is asked whether he or she would like to query the user access codes 
20 and is instructed to press a certain button on the touch tone keypad (in this case the number "3 W ) to select this 
option. If the care provider selects this option, the interface 14 tells the care provider in Step 24 that there are 
a certain number of user access codes (depending on how many there are). In Step 25, the interface 14 recites the 
user access codes to the care provider and continues reciting the user access codes until all are recited. After 
completing reciting the user access codes, the interface 14 returns (Step 26) the care provider to the access code 
25 menu. 

Fourth, in Step 27, the care provider is asked whether he or she would like to erase the user access codes 
and is instructed to press a certain button on the touch tone keypad (in this case the number "4") to select this 
option. If the care provider selects this option, the interface 14 asks the care provider to select one of two options: 
(1) to erase specific user codes, press a certain button on the touch-tone keypad (in this case the number "1") (see 

30 Step 28); or (2) to erase all user access codes, press a different button (in this case the number "2") (see Step 33). 
If the care provider selects Step 28, the care provider is asked to enter the specific user access code to be deleted 
(Step 29), and the interface 14 reads back that specific user access code in Step 30. The interface 14 then asks 
the care provider to press the button on the touch-tone keypad to accept deletion of that user access code and 
is returned to the access code menu. If the care provider selects Step 33 (global deletion), the interface 14 warns 

35 the care provider that he or she is about to erase all the user access codes and asks for the care provider to press 
the "tt a button to accept (Step 34). The interface then returns (Step 35) to the access code menu. 
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Fifth, in Step 36, the care provider is asked to press a certain number (in this case "5") to exit the access 
code menu. If the care provider selects this option, the interface 14 returns (via Step 37) to the access code 
prompt. 

The interface 14 may also be programmed so that access is prevented without entry of an access or 
5 security code (not shown). 

Main Menu 

If the care provider has entered a correct user access code and has either by-passed the above functions 
relating to the access code or has completed them, the processor 56 accesses from the voice storage unit 54 (or 
by a signal representing alphanumeric characters transmitted to a computer) a number of voice queries comprising 

10 a main menu. Referring to FIG. 3, a number of options are presented to the care provider through the main menu. 
The particular items presented may vary depending upon the particular medical device with which the system is being 
used, the number of medical devices being used with the system (as described below), or the number of patients that 
are connected to the system (as described below). 

The main menu of FIG. 3 illustrates a menu which is generally useful with a wide range of medical devices 

15 and which presents a number of advantageous procedures of the system of the present invention. It should be 
understood that other menu features may be provided. As illustrated, the care provider is asked to select among 
several options by pressing a key on the touch-tone keypad (or on a computer keypad). 

Certain options will be applicable for every medical device such as talking to the patient (Step 38) and the 
alarm review mode (Step 39). If the care provider selects direct conversation with the patient, the connection is 

20 switched to a phone mode (Step 40). In the phone mode, the care provider can talk with the patient to verify 
programming changes (Step 41). The care provider can then hang up the remote telephone 48 after completing 
conversation with the patient (Step 42). If the care provider selects the alarm review mode in Step 39, the interface 
generates voice queries that are transmitted to the care provider. As illustrated in FIG. 6, the care provider has the 
option of reviewing the fax or phone number(s) that will be automatically dialed in the case of an alarm condition. 

25 For example, the synthesized voice will state, "alarm notification number one is 123456790; alarm notification number 
two is 2345678" (Step 43). In Step 44, the care provider has the option of deleting an existing number by entering 
in the number to be deleted through the transceiver (Step 45). The care provider may choose to delete additional 
numbers (Step 46), or go to the add alarm notification option (Step 47). If the care provider selects the option of 
adding additional alarm notification numbers in Step 48, the care provider may add an additional number by entering 

30 in the number to be added through the transceiver. In Step 49, the care provider is asked to either add another 
number or go to the main menu. 

Options such as faxing a report or sending a file are also applicable for every medical device, but the type 
of report or file will vary depending on the medical device. Other options may be applicable to some medical devices, 
such as editing or creating a protocol but not others. Therefore, these non-universal options are discussed below 

35 (refer to step or circle "D") as related to specific medical devices. 

Adaption of the System of the Present Invention to 
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Multiple Medical Devices and/or Multiple Patients 
In a variation of the present invention, the system may be arranged to permit access to and control over 
multiple medical devices. In this arrangement, multiple medical devices are preferably arranged to communicate with 
a single interface. In a method of accessing and controlling these multiple devices, after entering the access code, 
5 the care provider will be prompted to enter the device number of the particular device which the care provider wants 
to access. 

Another embodiment functions in the same manner as the embodiment described above. However, this 
embodiment may be used for multiple patients and comprises multiple medical devices connectable with multiple 
patients, an interface unit coupled with the medical devices of each patient, and a central data storage unit. The 

10 central data storage unit performs the same function as an interface unit, but acts as a central storage location for 
the protocols of multiple patients. This embodiment allows the care provider the option of calling one number from 
the remote transceiver, the number of the central data storage unit, to program the protocols of multiple patients 
instead of calling the number of each patient; however, the care provider still retains the option of calling the 
interface unit of a particular patient if the care provider wishes to program the protocol of a single patient. The 

1 5 remote central data storage unit comprises two remote communication ports, a protocol and event memory, a voice 
storage unit, a processor, a voice synthesizer, and an access code memory. The protocol memory, the voice storage 
unit, the voice synthesizer, and the access code memory are the same as those for the interface units. Each of the 
two remote communication ports is coupled to the processor via data buses. The first remote communication port 
receives signals from a remote transceiver and relays those signals over the buses to the processor which performs 

20 various operations in response to those signals. Next, the signals are sent by a data bus to the second remote 
communication port which then relays the signals to the specified interface unit via the remote communication port 
of the interface unit. The signals are then processed in the same manner as the interface unit processor without 
a central data storage unit processes the signals it receives from the remote touch-tone transceiver. 

It should be understood that the above programming and functions described above provide only examples 

25 of how the care provider, interface unit, and central data storage unit may interact via a remote touch-tone 
transceiver. Therefore, additional or alternative steps and procedures can be designed and implemented for remote 
programming of the present invention. Accordingly, only some of the steps described above need be included in the 
invention; the steps may be conducted in a different order; additional or fewer protocol parameters may be controlled 
by the care provider; and different operational modes may be chosen. 

30 Furthermore, the present invention can be used with a variety of medical devices. As discussed below, the 

present invention is used for reviewing and programming the protocol of a mechanical ventilator and a vital signs 
monitor. It will be apparent to those skilled in the art that various modifications and variations can be made in the 
apparatus and method of the present invention without departing from the spirit or scope of the invention. Thus, 
it is intended that the present invention cover any modifications and variations of this invention. 
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Adaptation of the System of the Present Invention for 
Use with a Mechanical Ventilator 

Referring to FIG. 7A1, step "D," examples of specific main menu options for a mechanical ventilator will 
be described. If the care provider has selected review of the current protocol in Step 50, the interface 14 provides 
the care provider with a variety of information (Fig 7A2). The care provider is told tidal volume (Step 51); the breath 
rate (Step 52); the high pressure setting (Step 53); the mode (Step 54); the peak flow (Step 55); the low pressure 
setting (Step 56); the PEEP level (Step 57); the elapsed time (Step 58); and the last alarm (Step 59). After providing 
this information to the care provider, the interface 14 in Step 60 returns to the main menu as FIG. 3. 

With reference to FIG. 7A2, the edit mode will be described in detail. If the care provider has selected the 
edit mode in Step 61, the interface 14 permits the care provider to edit the current protocol. In this mode, some 
parameters may be maintained while others may be edited. The care provider is requested to enter the serial number 
of the mechanical ventilator (Step 62), the care provider identification number (Step 63), and the patient's 
identification number (Step 64). These numbers are for record keeping purposes, and are included in any report or 
file requested by the care provider. In Step 65 the care provider is told the current tidal volume. The care provider 
is then asked to enter a new rate, or press the ft button on the keypad to accept the new rate (Step 66). Similar 
operations are performed on the breath rate, the high pressure setting, mode, current peak flow, low pressure setting, 
and PEEP level (Steps 67 • 78). After editing, the interface 14 transfers to the sub-menus of FIG. 7D (Circle G). 

Referring now to FIG. 7D, the edit mode sub-menus provide the care provider with several options after 
editing the protocol. The first edit mode sub-menu allows the care provider to send (Le., save) the edits to the 
ventilator by pressing a certain key on the keypad (Step 79), to review the edits by pressing a different key on the 
keypad (Step 80), and to cancel the edits by pressing still a different number on the keypad (Step 81). If the care 
provider selects sending the edits (Step 79), the new protocol is sent to the respirator (Step 82), and the care 
provider is told goodbye. The care provider is then transferred to patient conversation mode (Step 83), and the care 
provider is put in connection with the patient to verify the programming (Step 84). After verifying the programming 
changes with the patient, the care provider hangs up the remote telephone 48 (Step 85), and the programming 
session is completed. 

If the care provider selects reviewing the edits (Step 80), the interface 14 reports the new parameters of 
the protocol to the care provider (Step 86). After reporting, the care provider is taken to the second edit mode sub- 
menu which permits the care provider to select: (1) send the edits (Step 87], (2) edit the edits (Step 88), or (3) 
cancel the edits (Step 89). If the care provider selects sending the amended protocol (Step 87), the new protocol 
is sent to the respirator (Step 90), and the care provider is told goodbye. The care provider is then transferred to 
patient conversation mode (Step 91), and the care provider is put in connection with the patient to verify the 
programming (Step 92). After verifying the programming changes with the patient, the care provider hangs up the 
remote telephone (Step 93) and the programming session is terminated. 

If the care provider selects the create mode in Step 94 (see FIG. 7A1), the care provider is asked to 
program various parameters for the new protocol As illustrated in FIG. 7A2, the care provider is asked to enter 
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the tidal volume {Step 95) after which the entered tidal volume is read back, and the care provider is asked to press 
the # button to accept this rate. The care provider follows the same procedure for entering breath rate, high 
pressure setting, mode, peak flow, low pressure setting, and PEEP level (Steps 96 - 101), and then the same control 
menu as illustrated in FIG. 70. 

5 If the care provider selects the fax report mode in Step 102, the interface 14 generates a number of 

queries that are transmitted to the care provider and provide the care provider with a number of options. Referring 
now to FIG. 7B, Step 103, the care provider has the option of selecting a flow report, a pressure report (Step 104), 
or a full report (Step 105). If the care provider enters a number which is not an option (Step 106) the interface 
unit returns to Circle E. Next, the care provider is asked in Step 107 to enter the fax number of the location where 

10 the report is to be sent. In Step 108, the care provider may select a text report by pressing a certain button on 
the keypad or a graphics report by pressing a different button (Step 109). If the care provider selects the text 
report, in Step 108 the care provider may then select to have the text report sent to the fax number on a daily basis 
by pressing a button on the keypad (Step 110). If the care provider chooses to request that the medical device 
remote system send a daily report to the fax number, the care provider then enters the time via the touch-tone 

15 keypad that the report will be sent to the number (e.g., 1430 for 2:30 PM) (Step 111). If the care provider selects 
a graphics report (Step 109), the interface 14 asks the care provider to select a sample time interval (in seconds) 
from 1 * 300 seconds (Step 112). If the care provider chooses to request that the medical device remote system 
send a daily graphics report to the fax number (Step 113), the care provider then enters the time via the touch-tone 
keypad that the report will be sent to the number (e.g., 1430 for 2:30 PM) (Step 1 14). If the care provider chooses 

20 not to have a daily report, then the care provider will return to the main menu (Step 115) whereby the graphics 
report will be sent to the fax number after the session is completed. 

If the care provider selects the send file mode in Step 116, the care provider is transferred to the send 
file menu (Circle F) in FIG 7C. Steps 117 • 124 are similar to the steps above for faxing a report except that the 
computer phone number is entered (Step 121) instead of a fax number so that the report file is sent to a computer 

25 instead of a fax. The care provider also has the option of having the medical device remote system send the file 
to a remote computer on a daily basis (Steps 122 * 123). 

Adaptation of the System of the Present Invention For Use With a Vital Signs Monitor 
Referring to FIG. 8A, Circle D, examples of the specific main menu options when the medical device 
comprises a vital signs monitor will be described. Such a monitor generally obtains patient data such as blood 

30 pressure, temperature, pulse rate, 0 2 saturation, C0 2 level, weight and/or respiration rate. If the care provider has 
selected review of the current protocol in Step 125, the interface 14 provides the care provider with a variety of 
information. The care provider is told the blood pressure (Step 126); the temperature (Step 127); the pulse (Step 
128); the 02 saturation (Step 129); the carbon dioxide level (Step 130); the weight (Step 131); and the respiration 
rate (Step 132). After providing this information to the care provider, the interface 14 in Step 133 returns to the 

35 main menu. 
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If the care provider selects the fax report mode in Step 134, the care provider is transferred to the fax 
report menu as illustrated in FIG. 8B. Upon accessing this menu, the interface 14 generates a number of voice 
queries that are transmitted to the care provider and provide the care provider with a number of options. The care 
provider has the option of selecting a: (1) blood pressure report, (2) temperature report, (3) pulse report, (4) 0 2 
5 saturation report (5) carbon dioxide report, (6) weight report; (7) respiration report, or (8) full report, by pressing 
1-8, respectively on the touch-tone keypad (Steps 135 - 142). Next, the care provider is asked in Step 143 to enter 
the fax number of the location where the report is to be sent. In Step 144, the care provider may select a text 
report by pressing a certain button on the touch-tone keypad or a graphics report by pressing a different button (Step 
145). If the care provider selects a text report, interface 14 tells the care provider to enter a certain number on 

10 the touch tone keypad to hang up and end the session (Step 146) whereby the text report will be sent to the fax 
number or enter a different number if the care provider wants to return to the main menu (Step 147) whereby the 
text report will be sent to the fax number after the session is completed. If the care provider selects a graphics 
report (Step 145), the interface 14 asks the care provider to select a sample time interval (in seconds) from 1 * 300 
seconds (Step 148). If an invalid number is selected (Step 149), the interface 14 returns to Step 148. The care 

15 provider then enters a certain number on the touch tone keypad to hang up and end the session whereby the 
graphics report will be sent to the fax number (Step 150) or enter a different number (in this case the number "2") 
if the care provider wants to return to the main menu whereby the graphics report will be sent to the fax number 
after the session is completed (Step 147). 

Alternatively, the device 10 may store a fax number and the device could be programmed to send faxes 

20 including desired information at specific times. 

If the care provider selects the send file mode in Step 151, the care provider is transferred to the send 
file menu (Circle F) illustrated in FIG. 8C. Steps 152-163 are similar to Steps 135-147 above except that the 
care provider must enter a sample time interval (Step 160) and the computer phone number is entered instead of 
a fax number (Step 161) so that the report file is sent to a computer instead of a fax. Further, the device 10 may 

25 be programmed to send e-mails via a communication network such as the Internet. In this feature of the invention, 
the device would be programmed to log onto the communication network, enter a password stored in memory and 
send an e-mail report. 

In another aspect of the present invention, the device may be programmed to ask a patient questions 
regarding how they feel, how much pain they are experiencing, etc. The answers to these questions may be 

30 accessed by a care provider to assist the care provider in programming the protocol of the device as will be. 
understood by those of skill in the art. For example, if a patient indicates that he or she is feeling good, the care 
provider may not edit the protocol. This feature of the invention permits the care provider to access more 
information and better treat the patient. A patient may input their data through the device 10 itself, through the 
local phone 48A or in other ways such as through a computer, etc. The patient could enter this data whenever the 

35 patient's condition changes or be prompted, i.e., by a telephone call or an alarm on the device 10, to enter the 
information at fixed intervals. 



WO 99/251 10 j g. PCT/US98/24083 

In accordance with the present invention, there is provided a medical system which permits the remote 
access and control of a medical device. The system is arranged to permit a caregiver to control the medical device 
from a remote phone, computer or other transceiver. The caregiver may obtain date from the medical device, such 
as in the form of a written report (such as by facsimile), by voice data, or by graphical or alphanumeric data 
provided to a computer (which may be presented as graphs or other data on a screen and/or stored in a computer 
memory). The caregiver may also program the medical device if the device stores a programmable protocol In 
addition, the system is arranged to that an alarm signalled by the medical device is then triggered remotely as well. 

Specific examples of the adaptation of the system of the invention to specific medical devices are described 
above. Those of skill in the art will appreciate the adaptation of the system to a wide variety of other medical 
devices. 

Of course, the foregoing description is that of preferred embodiments of the invention, and various changes 
and modifications may be made without departing from the spirit and scope of the invention, as defined by the 
appended claims. 
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WHAT IS CLAIMED IS : 

1. A remotely accessible medical device system having a programmable protocol and storing patient 
data, the medical device system being programmable by a remote transceiver and capable of sending patient data 
to a remote location, the medical device system comprising: 

5 an electronically controllable medical device connected to a patient and having a protocol or patient data 

associated therewith; 

a memory for storing a programmable protocol or patient data; 
a data storage unit for storing a data signal; 

a communication port for connection to the remote transceiver for sending a data signal to a remote 
10 location and for receiving a signal from the remote transceiver; 

a processor arranged to manipulate the programmable protocol in said memory in response to receiving a 
remote programming signal or to send said data signal including patient data from the data storage unit in response 
to a remote data access signal. 

2. A method for accessing a medical device from a transceiver positioned remote from said medical 
15 device, including a control associated with said medical device, said control having a programmable protocol or patient 

data associated therewith, comprising the steps of: 

establishing a connection between the medical device and the remote transceiver; 
sending a signal from the remote transceiver to said control; 

processing said signal and manipulating said programmable protocol if said signal is a programming signal 
20 from said remote transceiver and sending said patient data to said transceiver or a secondary location if said signal 
is a data transfer signal. 
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